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PREFACE

This technical report is based on Roberta R. Weissglass' seminar report,
prepared under the direction of Wayne Otto, Associate Professor of Curricu-
lum and Instruction.

The R & D Center for Learning and Re-education has as its primary goal
the improvement of cognitive learning in children and youth, commensurate
with good personality development. Through synthesizing present knowledge
and concla,.-.ting research to generate new knowledge, we are extending the under-
standing of human learning and the variables associated with h efficiency of
school learning. Knowledge is being focused upon the three main problem
areas of the Center: developing exemplary instructional systems, refining the
science of human behavior and learning as well as the technology of instruc-
tion, and inventing new models for school experimentation, development activ-
ities, and so on.

Within the broad Center goal of improving cognitive learning in children,
the goal of the reading group is to understand causes for reading problems in
order to strengthen the reading skills needed for efficient cognitive develop-
ment in subject matter areas. Reading is conceived as a tool, not as a content
area. Mrs. Weissglass designed this study to determine the effect, if any, of
memory span upon the cue patterns of young children as they begin to acquire
skill in word recognition. If the role of memory span in readiness for word
recognition skill can be clarified, then there will be one more basis for making
prognostic assessments of children's capacity for learning to read. The pre-
sent study is a step toward that goal: relevancy of memory span is demonstrated
and limitations of the task used in the experiment have implications for improving
the task.

Herbert J. Klausmeier
Co-Director for Research
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ABSTRACT

Kindergarten children were used as subjects in an attempt to discover
whether children with short and long memory spans use different cues to recog-
nize words, and whether memory span tests are effective predictors of diffi-
culty in learning to read. It was further hoped that children would exhibit a
consistent pattern of choices over trials, which might have implications for
teaching word recognition and other reading skills.

The WISC Digit Span Subtest, which measured memory span, was used as
the screening device, and 5-letter nonsense words comprised the word recog-
nition task. Children were required to select from a group of nonsense words
the one similar to the word that had just been shown to them. Each word in
the response group contained one cue which appeared in the same position as
in the stimulus word, with the other cues held constant_ Five cues were ex-
aminedpositions 1, 2,3,4, and 5and each subject had an equal opportunity
to respond to each cue.

All groups showed a preference for Cue 1 and there was a tendency to re-
spond to Cue 3 and Cue 5. An avoidanceeffect seemed to be operating with
Cue 2 and Cue 4. Results on Friedman's Analysis of Variance of Ranks indi-
cated that random selection may have been operating for boys and girls in the
low memory span group, while for the middle and high memory span boys a
preference pattern was not likely to arise by chance.

xi



RATIONALE FOR THE STUDY

The general purpose of this study was to
discover whether children with short and long
memory snans use different cues to recognize
words, and whether or not their pattern of
choices is consistent over trials. Further-
more, it was hoped that insights might be
gained regarding the effectiveness of using
memory span tests to predict difficulty in
learning to read.

The study was based upon a recent study by
Marchbanks and Levin (1965), which was con-
cerned with cuing patterns of children. In
their report, Marchbanks and Levin reviewed
a number of studies concerned with the cues
by which words are recognized: "It has been
suggested that children recognize words as
wholes (Cattell, 1896; Smith, 1928); by geo-
metric shape, outline, or configuration (Bell,
1939; Tinker and Paterson, 1940); by famil-
iarity with graphe me-phoneme correspondence
(Gibson, 1962; Gibson, Gibson, Danielson,
Osser, and Hammond, 1962); by dominant let-
ters such as ascending or descending letters
(Wilson and Fleming, 1938); by initial and
terminal letters (Wiley, 1928; Levin and Wat-
son, 1963; Woodward, 1962; Levin, Watson,
and Feldman, 1964); or by some combination
of these cues (Davidson, 1931; Gates, and
Boekker, 1923; Shotty, 1912). " However,
many o f these studies used adult subjects;
therefore, extrapolation to children who lack
familiarity with the written language is not
clear.

The effect of memory span upon the cue
patterns of children was also considered, for
Dominowski (1965) has stated short-term
memory plays an important role in concept
attainment. Jensen (1965) agrees that many
of the processes basic to learning may be in-
volved in conceptual learning and that some of
these processes may be the same as those in-
volved in short-term memory. Earlier, Burks
&Bruce (1965) hypothesized that "poor readers
approach learning situations in a more con-
crete manner a s a result of an inability to
handle abstractions. Since the reading pro-

cess... consists of abstractions strongly de-
pending on memory functions, these children
are handicapped" and Anderson (1939) con-
cluded that verbal ability is partly dependent
on memory span.

The Digit Span s ub test of the Wechsler
Intelligence Scale f o r Children (WISC), an
auditory test, was the instrument chosen to
examine memory span. Other workers, con-
cerned with children already disabled in read-
ing, have examined the relationship of digit
span and reading ability. Hawkins (1956)
found, as did Baumeister, Smith, and Rose
(1955), that Digit Span had validity for pre-
dicting short-term memory. Graham (1952),
Burks and Bruce (1955), and Robeck (1960)
found that unsuccessful readers were signifi-
cantly low on Digit Span, and on the other sub-
tests requiring memory. On the other hand,
Altus' (1956) study of WISC patterns showed
Digit Span to be significantly higher than other
subtest scores.

According to Rizzo's (1939, p. 208) survey,
the concept of memory span can be traced to
the work of Jacobs (1887) who devised a "mem-
ory span test to determine the maximal number
of related or unrelated elements which a te s tee
can reproduce immediately after a single pre-
sentation. " Warren 934) used "logical mem-
ory" to designate the capacity to retain mean-
ingful material as compared with the term
"memory span" which indicated memory for
meaningless material. English (1934), Cros-
land (1929), and Tinker (1929) used the terms
"memory s pa n," "range of attention," and
"visual arprehension, " re spec tively, to denote
the same behavior, showing that in general
there was agreement on what memory span is.

Yet, despite this agreement, the results
of many of the studies are not comparable be-
cause researchers used different kinds of ma-
terials, diverse methods of testing and scoring,
different groups of subjects, and because stud-
ies tended to lack careful controls. In the pre-
sent investigation, then, memory span is de-
fined specifically as the number of digits which

1



can be repeated orally immediately after a
single presentation.

Recent investigations into the area of mem-
ory have been concerned with memory as it
relates to personality and learning theories,
but very few researchers have attempted to
relate memory span i;o reading ability. Per-
haps one of the earliest cti.:>: us sions of memory
span and reading was a n article (Saunders,
1925) in which the author concluded that chil-
dren with s hort auditory memory spans showed
the following traits: 1) slowness in acquiring
facility with language; 2) difficulty in learning
to read; 3) difficulty using phonics; 4) diffi-
culty learning rote material orally. Saunders
also felt that while all reading disabilities are
not allied withpoor memory spans, "yet it can
be stated with certainty that all poor memory
spans are allied with difficulty in reading and
spelling." According to Rose (1 958), Bond
likewise concluded that auditory memory abili-
ty" . . . is probably of importance as a factor
in learning to read by the look-and-say method,
but is apparently of little advantage in the pho-
netic type of instruction," and Rizzo (1939)
found that the relationship between memory
span and reading ability was more marked in
the lower grades (Grades 2, 3, and 4) than in
the upper grades.

Others who have since investigated the re-
lationship of auditory memory span to reading
have come to similar conclusions, that is,
that auditory memory span correlates signifi-
cantly with various silent reading test scores
(Reynolds, 1953) that tests for auditory mem-
ory span are difficult for children who have
reading difficulties (Rose, 1958) and that the
relationship between auditory memory span
and the development of adequate word recog-
nition is statistically significant (Poling 1953).
Yet, it should be clear that poor auditory
memory span is not necessarily a cause for
reading difficulty. It may be that poor audi-
tory memory is merely a symptom of some
other difficultyand, as such, is .t one factor
contributing to reading difficulty.

By grouping c hildr e n according co W1SC
memory span scores, the intent was to examine
possible relationships between cue patterns
and memory span. This procedure required
that some assumptions be made regarding the
validity o f comparing a number task with a
letter task. Blankenship (1938) and Brener
(1940) reviewed experiments which indicated
that the type of material does affect memory
span scores, but there was no agreement on
the order of difficulty of various materials.
In general, however, nonsense syllables were
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found to be harder to remember than digits.
This is not entirely relevant here for the word
identification task employed did not require
children to remember the nonsense words

Pertinent here a r e areas which hay.. Got
been fully investigated: the reliability of tests
of memory span and the relationship between
auditory and visual span. Attempts made in
these directions cannot adequately be evaluated,
not only because of the varying c onditions under
which experiments have been conducted, but
also because methods of pre sentation and scor-
ing have lacked constancy. Rose (1958) found
that the visual memory test on the Stanford-
Binet was not as difficult for children with
reading difficulties a s the auditory memory
span tests. She speculated that this may have
been due to the design of the tests. The digit
test did not presenta "pattern or unified whole"
as did the visual memory test. The question
raised in this regard was whether the child is
better able to remember a unified whole than
details.

The word-recognition task used in the pres-
ent study did not require words or letters to
be repeated or reproduced; rather it required
recognition. Whether or not this more nearly
equalized the two tasks is difficult to deter-
mine, particularly since a delay interval in
the word task added a variable not present in
the digit task. Here, the relevant literature
is again inconclusive: Baumeister, Smith, and
Rose (1965), using objects in a picture, and
Borkowski (1965), using trigrams, found that
responses can be delayed for 12 seconds and
15 seconds, respectively, but that beyond
these intervals performance begins to deteri-
orate. This is inconsistent with Griffith's
findings, as pointed out by Baumeister et al.
Griffith found "no reliable effect due to the
delay interval" even when retardates' respon-
ses were delayed for 120 seconds.

Kindergarten children served in the study
because they were considered reasonably naive
subjects, having had no formal instruction in
reading. This was felt to offer two advantages.
First, because the children had not been taught
th=. left-to-right sequence required in reading,
it couldbe assumed they would cue to the poc-1-
tion most natural for them. Thus, a frequently
recurring pattern for either group might have
implications for teaching word recognition and
other reading skills. Second, as nonreaders,
theywould not be able to utilize letter blending
and other similar knowleege to facilitate their
remembering the word; .-other, the y would
either concentrate on the individual letters or



develop their own strategy, and the effects of
learning would be minimized.

The present study, although not specifically
concerned with the relationship between mem-
ory span and intelligence, nevertheless took
into account a possible correlation between the
two. This was done because: 1) when many
children, during the initial screening task,
were unable to understand what was expected
of them in the digits backward task, it seemed
that an intelligence factor might be causing the
problem, and 2) previous studies have indi-
cateda relationship between memory span and
intelligence. Because the results of the exist-
ing studies are so varied, making it difficult
to determine the true correlation between
memory span and intelligence, two groups,
whose scores on the WISC did not include the
digits backward task, were added to this study.

It is obvious at this point that measuring
memory span is an elusive task, not only be-

cause previous research is largely inconclu-
sive, but also because of: the many factors that
may affect memory span. In addition, the re-
lationship of memory span to reading ability
and to intelligence is not clear. Yet, three
conclusions seem warranted. First, because
memory play s an important role in certain
types of concept attainment and because read-
ing r e q u i r e s utilization of many concepts,
success inreading depends upon certain mem-
ory functions. Second, limited auditory mem-
ory is a factor contributing to reading diffi-
culty. This conclusion is supported by evi-
dence which indicates that good readers tend
to have longer auditory memory sp-tns than
poor readers, although the relationship is more
marked :.n the lower grades than in the upper
grades. This d, Digit Span appears to provide
a valid basis for predicting short-term mem-
ory even though memory span varies with the
materials used.



II

METHOD

SELECTION OF SUBJECTS

Subjects were chosen from among 168 kin-
de rgarten children in Sun Prairie, Wisconsin,
on the basis of an individual screening pro-
cedure designed to identify those children
having the shortest and longest memory spans.
The Digit Span subtest of the Wechsler Intel-
ligence Scale for Children was used for the
screening. This subtest, which is given oral-
ly, yields three scoresa forward score, a
backward score, and a total score which is a
combination of the forward and backward
scores.

Each child was asked first to listen to the
examiner, who read digits at one-second in-
tervals, and then to repeat what he had heard.
The examiner began with three digits, in-
creasing the number of digits by one each
time the child repeated the digits perfectly.
The maximum number of digits, as well as
the maximum possible score on the digits-
forward section was 9. After the child had
reached his maximum, he was given the digits-
backward test. This time, instead of repeat-
ing what he had heard, the child was asked to
say the numbers backwards. The highe st pos-
sible score for digits backward was 8; a per-
fect total score was 17.

Children whose total scores contained a
score of zero in either the digits forward or
backward taskwere eliminated after the ran-
dom selection of children with the shortest
memory spans had been made, because too
many children had scores of zero. Had all
of them remained as subjects the five groups,
into which the subjects were divided, would
not have been comparable in size. Thus, of
the original 168 children screened, 96 sub-
jects remained and were subsequently pre-
sented with the word-recognition test.

MATERIALS

The task comprised 26 groups of five-letter
nonsense words; each word was typed, using

4

a primary typewriter, on a separate 4 x 6
card in lower case letters. In order to ex-
amine all of the positions, and to give each
subject an equal opportunity to respond to
each cue, it was necessary that each cue ap-
pear in combination with every other cue an
equal number of times over the 26 groups of
cards (hereafter called "trials"). In other
words, the positions were combined as fol-
lows: 1 and 2, 1 and 3, 1 and 4, 1 and 5, 2
and 3, 2 and 4, etc. This grouping of cues
resulted in some trials having four response
cards and others having five or six. Each
trial, therefore, contained one stimulus card
and four to six response cards, the latter
being numbe red on the back to facilitate
scoring.

The response cards were designed to con-
tain all possible responses the subject might
make. That is, each card contained a cue
(letter) which appeared in the same position
as in the original word on the stimulus card.
Five cues were examinedPositions 1,2,3,
4, and 5. Tor example, the stimulus card
I'm o g e d" was followed by the response cards
"mythi" (Cue 1 present), "borsu" (Cue 2 pres-
ent), "eagle" (Cue 3 present), "fimet" (Cue
4 present), and "jukad" (Cue 5 present) ran-
domly arranged.

In addition to the single cues, every cue
was presented in combination with every other
cue, as explained above. For example, the
stimulus card "s eg of" was followed by the
response cards "skgaf," "stgor," "segay,"
"segip, " "slgom, " and "shguf. " Each of these
response cards contains Cue 1 and Cue 3 of
the original word. In addition, each word con-
tains one further cue: "skgaf" and "shguf"
contain Cue 5; "stgor" and "slgom" contain
Cue 4; "segay" and "segip" contain Cue 2.

The purpose of the duplication of cues was
to provide for more of a choice than would
have been available had the subjectbeen shown
just three response cards. It is possible that
many children may have refused to choose
among only three cards, since it may have



been obvious that none looked like the stimu-
lus word. The task was constructed to give
each subject an equal opportunity to recognize
the word on the basis of any of the five cues.

Both the stimulus and response words were
taken from those used ed Marchbanks and
Levin (1965) in their study with some altera-
tions being made to accommodate the new sit-
uation. First, shape was omitted as a cue,
since Marchbanks an d Levin reported that
shape had been the least used cue in both their
trigram and pentagram series. This neces-
sitated a second alteration: increasing the
number of choices available where the deletion
of shape as a cue left too few response words.
A third variation was the omission of the tri-
gram task. Marchbanks and Levin had found
that strong competition existed between the
first an d last letters in word recognition.
Owing to the possibility that this effect may
have beendue either to the open-endedness of
a short word (i.e. , the children might have
been cuing to the first and last letters of the
trigrams because the complete word was eas-
ily seen and there was a great deal of space
next to those letters) or to children's ability
to remember the complete word, the trigram
task was eliminated in favor of a more inten-
sive study of the pentagram task.

Four identical sets of cards were prepared
for the four examiners. 'A form containing
the numbers 1-125 (to correspond with the
125 response cards ) was prepared for the re-
cording of each child's choices. The stimu-
lus cards appeared in the same order in each
of the four sets, but the response cards were
randomly arranged within trials.

PROCEDURE

Individual subjects were presented with the
word-recognition task by ad illt examiners.
The task was explained as follows: We are
going to play a word game. I will show you
a word. After I take it away I will show you
several other words. You are to point to the
word you just saw or to the one most like it."
The subject was then given two sample tri-
gram recognition trials to orient him to the
task. The examiner was free to re-explain
the task to the subjectduring this time if nec-
essary. The trigrams were immediately fol-
lowed by the 26-trial pentagram task without
the child's being made aware that the trigrams
were to be discarded as practice.

Within each trial the subject was shown a
word on a stimulus card and was allowed to

look at it for a maximum of 30 seconds. The
card was then withdrawn from sight and the
response, cards for that trial were randomly
arranged on the table. The child was again
told to point to the word he had just seen or
to the one most like it. His response was
checked on the scoring form, and the task
continued through the 26 trials.

DESIGN AND ANALYSIS

Scores on the Digit Span subtest were ar-
rived at on the basis of the forward and back-
ward tasks as described earlier. During the
initial screening task, many children were
unable to understand what wa s expected of
them in the digits-backward task. In addi-
tion, there were numerous scores of zero,
particularly on the digits-backward task. Be-
cause level of intelligence might be the cause
of both phenomena, it seemed reasonable to
select groups in such a way that some would
contain no zero scores. There was reason to
believe that such grouping might yield useful
informatiori. Therefore, three groups were
set up according to Total Score, which in-
cludedboth tasks, and two groups were added
on the basis of just the Forward Score.

After the completion of the word-recogni-
tion task, 18 of the 96 subjects were elimi-
nated owing to mistakes in scoring. There-
fore, a total of 78 subjects-41 boys and 37
girlswere included in the analyses. The
five groups contained 22 subjects each, 12
boys and 10 girls, with the two Forward Score
groups containing several subjects who also
appeared in either the short, middle, or long
memory span groups.

After the testing was finished, the num-
bered responses were converted to the cue
position which was represented by each word.
A tally of responses by cue was made within
and between the groups and sexes. The cues
were subdivided into primes; that is, instead
of Cues 1,2, 3, 4, and 5 being tallied, Cues
1, 1', 2, 2', 3,3', etc., were tallied. This
was done for three reasons. First, because
many response cards within individual trials
duplicate a particular cue (as explained ear-
lier), it was reasoned that the primes would
assist in differentiating between the two pos-
sible choices and hopefully add to the infor-
mation yield. Using the example previously
mentioned, if the stimulus card "s e g o f" has
as two of its six response choices "skgaf" and
"shguf," both o f which contain Cue 5, the
immediate question is which of the two words

5



Table i

Sample Groups As Divided On The
Of WISC Digit Span Subtest

Basis

Group Girls Boys

Total Score Groups
I - Short Memory Span

(0-4 digits) N=10 N=12
II - Middle Memory Spana

(5-6 digits) N=10 N=12
IiI - Long Memory Spana

(8-12 digits) N=10 N=12

Forward Scores Groupsb
IV - Short Memory Span

(0-3 digits) N=10 N=12
V - Long Memory Span

(5-7 digits) N=10 N=12

allo zeroes are included in either the Forward
or Backward score.

bSeveral subjects in each group appear again
in one of each of the Total Score groups.

6

will the subject choose if he is cuing to posi-
tion five. Second, it seemed desirable to
compare the total times each of the two cues
was chosen. Third, it was felt that the data
might contain the answer to why one was cho-
sen more often than the other.

The primes were assigned to every second
appearance of a cue within a trial. In Trial
5, for example, Cards 17, 18, 19, 20, 21,
and 22 contained Cues 5,4,3,3,4,5, respec-
tively. Since each cue appeared twice, primes
were assigned to Cards 20, 21, and 22 (which
marked the second appearance of the cues)
so that the chart then read: 5, 4, 3, 3', 4',V.

With the cues subdivided in this manner,
comparisons were made across cues 1) be-
tween all of the boys and all of the girls, 2)
among boys in Groups I, II, and III, 3) among
girls in Groups I, II, and III, 4) between boys
in Groups IV and V, 5)between girls in Groups
IV and V, and 6) between boys and girls in
each of the five groups taken individually.



III

RESULTS

The expectation was that the long memory
span group would respond to Cue 1 or Cue 5
more often than to any other cue because it
was assumed that in the s canning proce s s be-
ginning a nd ending letters would dominate.
It was further speculated that because none of
the response cards replicated the stimulus
card the long memory span subjects would
start either at the far left or far right when
looking for a familiar letter; thus, if no card
exactly like the stimulus card were found the
tendencywouldbe to choose the card that con-
tained Cue 1 or Cue 5.

For the short memory span group, it was
expected that the last letter the subjects saw
might be remembered; thus, if they had been
scanning from left to right, they would tend to
look for Cue 5. If during the task they real-
ized that they could not retain the stimulus in-
formation, it was anticipated that they might
try to keep just a single letter in mind. Thus
the feeling was that these subjects, more than
either of the other two groups, would cue
randomly.

CHI SQUARE ANALYSIS OF CUE FREQUENCIES

To test the null hypothesis that cues would
be chosen with equal frequency, chi square
tests were used. Single and combined (prime)
cues have been combined for discussion
purposes.

Long Memory Span Groups

For the boys, Cue 5 was the second most
utilized cue (Figure 1, Table 2)and Cue 4 was
the weakest cue. The girls responded some-
what differently, their weakest cue being Cue
2 and the second strongest cue being Cue 4
(Figure 1; Table 2). Both boys and girls with
long memory spans responded to Cue 1 signif-
icantly more often than to any other cue (Table
3). Listing the cues in the order of frequency
of choice, starting with the most frequently

chosen cue, we have these patterns: Boys-
1,5,3,2,4; Girls-1,4,3,5,2:

Table 2

Cue Preference Frequencies

Sex
Memor TS zsl_.._..._.___:1_

Cue Hjgh Middle Low Total

1 103 95 82 280
2 51 49 60 160

Boys 3 54 60 60 174
4 44 57 52 153
5 60 51 58 169

1 85 72 67 224
2 39 47 45 131

Girls 3 45 42 61 148
4 49 40 37 126
5 42 59 50 151

1 188 167 149 504
2 90 96 105 291

Total 3 99 102 121 322
4 93 97 89 279
5 102 110 108 320

Middle Memory Span Groups

The subjects in the middle memory span
group were considered comparable to those
with long memory spans, since the digit span
scores of both of these groups contained no
zeroes. In other words, their Total Scores
did not include a zero in either the digits for-
ward or backward task. Considering that the
groups were similar, finding that Cue 1 was
the most utilized cue was not unexpected. For
the boys, significance beyond the .05 level
was calculated (Table 3). The order of cue
preference for boys was 1,3,4,5,2. For the
girls, there was no statistically significant

7



Table 3

Chi Square Values for Cue Preference Frequencies

Sex
Memory Span

Cue High Middle Low Total

Boys

Girls

Total

1

2
3

4
5

1

2
3

4
5

1

2
3

4
5

26.416*
2.082

. 565
5. 425

. 092

20.942 **
3. 250

. 942

. 171
1.923

47. 351**
5.204
2.073
4.003
1.344

17.031
5.755

. 092

.467
2.082

7.692
. 480

1.923
2.769

. 942

24.184
2.959
1.344
2.646

. 154

6.669
.092
.092

1.733
.310

5.769
.942

1.557
5.769

.076

10.464*
.772
.380

5.639
.358

46. 003**
3. 952

. 930
6.248
2.566

29.641**
4. 006
.410

5.769
. 160

75. 339**
7.939
1.309

12. 009*
1.568

* = p > . 05
** = p > . 01
Degrees of freedom = 4
Critical values were: p > .05, 9.488; p > .01, 13.2777

p> . '1, 7.779; p .001, 18.46

preference for any single cue; order of pref-
erence was 1,5,2,3,4.

Combining sexes for this group, preference
of Cue 1 was highly significant (Table 3), and
order of cues was 1, 5,3,4,2.

Short Memory Span Groups

As stated earlier, it was thought that the
pattern of results for the long and short ?mem-
ory span groups would be dissimilar in terms
of the strongest cue. However, a visual sur-
vey of the cue choices (see Figure 1) for the
latter group reveals that the differences are
not large.

For the boys, the chi square test showed
no statistically significant preference for any
cue (Table 3). The observed order of pref-
erence was 1,2-3 (tie), 5,4. For the girls,
no cue frequency reached significance, but
observed order of cue preference was 1,3,5,
2,4.

For the low group as a whi-le, Cue 1 was
chosen significantly more frequently than
other rues, and order of preference was 1,3,
5,2,4. (Tables 1 and 2)

8

Sex Across Memory Span

The three groups of boys were combined
and the total choices per cue were tested using
chi square. Cue 1, of course, had a frequency
significantly different from chance; and Cue 4
was utilized with infrequency (Table 2). The
order of cue preference was 1,3,5, 2, 4.

The girls' choice: were similarly com-
pared. They, too, responded significantly to
Cue 1, andagainCue 4was utilized least fre-
quently. Girls' order of cue preference was
1,5,3,2,4.

Comparing across sexes and memory span,
the pattern of cue preferences was 1, 3, 5, 2, 4,
Cue 1 being utilized significantly more than
chance (p .001), and Cue 4 being used sig-
nificantly less than chance (p > . 05, Table 3).
The competition between Cue 3 and Cue 5 for
second most utilized cue which was evident
with the low memory groups (Tables 2 and 3)
was again operating here.

Since Cue 1 was definitely preferred by all
groups, a comparison was made of the other
cue choices for those trials where Cue 1 was



not available as a possible choice. In making
this comparison for all boys, the following
dominance pattern appeared: 1> 2 > 3 > 5 >4;
and for the girls: 1 > 2 > 3 > 5 > 4. From
these results, we can conclude that both boys
and girls exhibited the same dominance pattern
of cuing. This does not mean that boys and
girls showed the same frequency of choices,
but that, when theywere forced to choose be-
tween certain cues, the same ones dominated
for both sexes.

Note that since the possible range of fre-
quencies for a given cue was 0 to 15n, rather
than 0 to 26n (where n is the number of sub-
jects), the theoretical variance ender the null
hypothesis is smaller than that assumed for
the chi square distribution; thus, the critical
values required for significance are somewhat
conservative.
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Forward Memory Span Groups

Of the boys in Forward 0-3 and 5-7, seven
in eachgroupwere also in Groups 0-4 or 8-12.
Of the ten girls in each of the forward groups,
five appeared again in Group 0-4, and another
seven appeared in Group 8-12. Because there
was considerable overlap of subjects, com-
parisons of the forward groups with other
groups would have been difficult to interpret,
and so shall not be pursued further.

ANALYSIS OF CUE PREFERENCE RANKINGS

Because of the conservative bias of the chi
square testwith regard to these data, frequen-
cies of cue preferences were obtained for each
individual, summed, and converted to ranks.

pm Girls
(- -)8 - 12 ( ) 8 - 12

(-13--a-0--0)5 - 6 5 - 6 6-o--oo--o--)0- 4 0 - 4 ..-io.-----)(O 0 0 b)

1 2
Cue

3 4

Fig. 1. Mean cue frequencies across memory span groups.

5
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Friedman's Analysis of Variance of Ranks
(Ferguson, 1959) was performed on the result-
ing ordinal data in order to determine whether
a cue preference pattern could arise by chance.
If the null hypothesis that conditions did not
diffe,.. among the population were true, then
the distribution of ranks would be expected to
appear in all columns with about equal fre-
quency. If the subjects' scores were dependent
on some condition (that is, if the null hypoth-
esis were false), then the rank totals would
vary.

Results were significant for the high and
middle memory span boys (Table 4), indicat-
ing the improbability of a pattern's arising by
chance. Results for bothboys and girls in the
low memory span group were not significant,
indicating that random selection may have been
operating.

Table 4

Friedman's Analysis of Variance
on Cue Preference Ranks

Memory Span
Sex High Middle Low Total

Boys 10.45* 11.82* 2.65 24.57 **

Girls 6.74 4.16 6.08 11.32*

Total 14. 63** 21. 61** 6. 991 29. 45**

* = p < . 05
** = p < 01
Degrees of freedom = 4
Chi square values were: p < .05, 9. 188

p <.01, 13.277
p < .10, 7. 779
p <.001, 18.46

Using the chi square test for the two groups
combined, that is, vexes and memory span,
significance was reached for the high and mid-
dle groups. This would indicate that something
other than random selection was operating.

As stated earlier, a comparison across
sexes and memory span revealed a pattern of
cue preferences 1,3,5,2,4. The W-shaped
trends (Figure 1) in the totals of the groups'
choices seem to imply the existence of signif-
icant differences between cues. To test the
strengthof individual cues and groups of cues
the sign test (Freund, 1960) was performed
on the raw data for individual subjects' total
choices per cue. Since there was a tendency
for the most frequent choices to be Cues 1,
3, and 5 and for the least preferred choices
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to be Cues 2 and 4, they were combined into
two groups for the analysisCues 1, 3, 5 and
Cues 2, 4. Results were significant for all
subjects (p< .001, Table 5) indicating a
greater preference for the extreme and medial
cues versus Cues 2 and 4 than can be assigned
to chance.

Both short and long memory span groups
chose Cues 1, 3, and 5 significantly (p < . 01)
more often than Cues 2 and 4, while the sig-
nificance level reached by the average mem-
ory span group and the Forward 5-7 group
was p< .05. Results were not significant for
the Forward 0-3 group.

Individual subjects' total choices for Cue 1
versus Cue 5 were compared next. Results
were significantfor all subjects (p.4. 001) and
within the three memory span groups in favor
of Cue 1.

Since Cue 1 was preferred by all groups,
the above results, which included Cue 1 in the
analysis, were not unexpected. It seemed
logical, therefore, to compare Cues 3 and 5
with Cues 2 and 4 to see if either of them, in
addition to Cue 1, was contributing signifi-
cantly to the dUferences. Results were just
short of significance at the .01 level, indicat-
ing that Cue 1 was the only cue chosen with
any great significance. Here the low power
of the sign test may be unfortunate.

Table 5

Sign Test of Cue Strengths

Boys & Girls
Cues Cues
1,3,5 vs. 2,4

Cues Cues
3, 5 vs. 2,41

Long Memory
Span 1 =2.56* 1 = 1.34

Average Memory
Span 1 = 2.13** 1= .89

Short Memory
Span 1 ..: 2.56* 1 = .447

rorward 5-7 1 = 2. 13 **

Forward 0-3 1 = .852

All Subjects 1 = 4. 19* ** 1 = 1.544

* p < .01
** p< .05

*** p < . 001

aResults do not include the two Forward
groups.



IV

DISCUSSION

Observations of the data and subsequent
analyses have indicated some emerging pat-
terns among the memory span groups. The
strength of these patterns, however, cannot
be determined from this study because of un-
fortunate limitations in the task. A particu-
larly pertinent area to pursue concerns the
various conditions which may have beenop-
erating during the task to a ff e c t response
choices.

The letters appearing in the duplicate-cue
response cards, for example, might have in-
fluenced subjects' choices. In fact, individual
letters may have be en a major influence
throughout the task, since many children chose
a card after saying to the examiner, "That
letter is in my name. " The factor of familiar-
ity or unfamiliarity with different letters for
individual subjects may have influenced their
choices in a variety of ways. They may have
chos en a card not on the basis of the five stim-
ulus cues, as assumed in the tabulations made
of responses, but rather on the basis of famil-
iaritywith a particular letter which they hap-
pened to recognize imr-..tdiately.

If this possibility were to be ignored, since
it was not a lw ay s detectable and certainly
could not be assess ed objectively, it still
would not be possible to evaluate the choice
made between duplicate-cue response cards.
Such an evaluation would involve a compari-
son of the two words which contained duplicate
cues to see if, over trials, a pattern evolved
showing that children tended to choose the
word of eachpair which contained certain let-
ters. This, unfortunately, could not be doile
since in Marchbanks and Levin's pentagram
list letters did ry-4. appear equally over frials.

There was, It; addition, reason to expect
that incompkte learning, and considerable
forgetting, of the stimulus pentagrams would
occur. Since subjects were nonreaders and,
for the most part analphabetic, phonetic en-
coding of stimuli into nonsense sounds wa s
unlikely. Instead, subjects had to retain five
visual "bits" of information, whose correct

sequencing (critical to the study) probably
we nt b eyo nd the limit of the subjects' info r ma-
tion-p roc e s s ing capabilities. Furthermore,
since response pentagrams necessarily re-
sembled the stimuli, considerable proactive
interference would be expected, so that sub-
jects might cue on similarities of response to
alternative response, rather than response to
the stimulus. Since on items for which cues
were held constant (96% of the items) such
response preferences would tend to be based
on unkeyed cues, the recorded cues would be
uncorrelated with the "true" cues in these
cases. In other words, where response
choices began with the sa.ne letter, for exam-
ple, subjects might forget about the stimulus
card and choose between those two response
cards, thus making a choice on the basis of
something other than one of the five stimulus
cues. The result of responding in this mariner
would be an invalidation of the data. Fortu-
nately, giving irrelevant cues in random fash-
ion would not bias the study by favoring one cue
over the others, but would raise the error of
measurement.

Kendall's coefficient of concordance (sym-
bolized W) is a measure of agreement within
a group of raters. In this case, the raters
would be the memory span groups. Because
there is no reason to suppose that the different
sexes or digit span groups have different pro-
portions of the various s canning patterns
among their members, they should all have
the same value of W if all things were equal.
The results of the computation follow:

0-4 boys W = .055 0-4 (both sexes)
0-4 girls W = .152 W = .079

5-6 boys W = .246 5-6 (both sexes)
5-6 girls W = .104 W = .127

8-12 boys W = .218 8-12 (both sexes)
8-12 girls W = .169 W = .163

These values of W are quite low, representing
poor agreement. The suggestion is that either
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different strategies are being employed or
there is much nonretention of stimuli. The
values do reflect more agreement in patterns
of cue preference for the long memory span
groups than for the short memory span groups,
suggesting that all things relating to retention
are roan; not equal and that the low memory
span group may be responding to many items
for reasons other than cues, since they can-
not recall thr stimulus anyway, These low
values corroborate the results of the Fried-
manAnalysis of Variance (Table 4) where only
the short memory span group differed from
the other groups.

In testing for significance of cue prefer-
ence, no significant differences among the non-
initial cues were found, perhaps as a result
of the long-retention intervals which involved
a great deal of interference of additional ma-
terials. The W-shaped trends (Figure 1) in
the totals of the groups' choices (the tendency
for the most frequent choices to be 1, 3, and
5 and for the least preferred choices to be 2
and 4), seem to imply the existence of signif-
icant differences between cues; however, the
significance level does not bear this out, pos-
sibly because of the small numbers of subjects.

The findings of the present study compared
favorably with Marchbanks and Le sin's find-
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ings. It was generally agreed that Cue 1 was
the most utilized cue for all groups, and that
Cue, 4 was one of the least preferred cues.
Competitionbetween Cue land Cue 5 for their
kindergarten boys, however, seemed to relate
closely, in the present study, only to the high
memory span boys and to the girls when fre-
quency of choice was combined across mem-
ory span. Further differences appeared in
in the original study's report that kindergarten
boys often based their judgments on Cue 5,
utilizing Cue 1 as their second choice. This
was not the case in the present study even for
the low memory span boys (as we had antici-
pated), although a few of the boys did prefer
Cue 5.

Both studies exhibited W-shaped trends,
suggesting an avoidance effect for Cue 2 and
Cue 4, both of which are imbedded in the other
letters. The present study, unlike the pre-
vious one, demorstrated strong competition
between Cue 3 and Cue 5. This finding, al-
though it has not been adequately measured,
is regarded as potentially significant for word
recognition. More subjects, however, and
tighter controls would be required if a com-
parison of cue preference were to be pursued
in a meaningful way.



V

SUMMARY, LIMITATIONS, AND IMPLICATIONS

The data indicate that all groups showed a
preference for Cue 1; however, the strength
of the preference differed from group to group.
There was a tendency, too, across memory
span groups, for boys and girls to respond to
Cue 3 and Cue 5, while there seemed to be an
avoidance effect for Cue 2 and Cue 4 (although
some individual groups did not show this cue
preference). Thus, the W-shaped trends.
Why these tendencies occurred is a matter for
speculation; but it seems that cuing to 1,3, and
5 may be the most natural pattern of scanning
for untrained children. The ends are open and
may be more eye-catching for that reason.
The middle cue might have been a frequent
choice because from that point subjects could
scan in either direction. Cue 2 and Cue 4 are
couched within the words, so would tend to be
overlooked in favor of other positions.

It appears that scanning itself may have af-
fected subjects' performance and the data
more thanwas anticipated. This scanning ap-
plies not only to that done with the stimulus
cards, but with the response L-rds as well.
It is difficult to determine why a subject chose
a particular card, since there was no instru-
ment set up to record eye movements, for ex-
ample. Since the examiner could only make
subjective judgments regarding the subjects'
strategies, this problem cannot be pursued.
.Although it seemed at times that subjects were
picking the first card they saw, there was no
way of determining, in this study, whether or
not they actually did look at all of the cards.
To assess this particular aspect of the prob-
lem, it mightbe better to present the response
cards in some controlled pattern, rather than
randomly. For example, if the cards were
arranged in a row, knowing where in the row
each card appeared would throw more light
on the subjects' patterns of choice. By vary-
ing cue positions within the rows, the experi-
menter would be able to decide if the child

were cuing to the position of the card in the
row or to the actual cue positions of the letters.

As mentioned in Chapter IV, it is also dif-
ficult to determine to what extent variables
such as familiaritywith individual letters, the
long-retention intervals involving interference
of additional materials, or responding to un-
keyed cues influenced the entire task. Inaddi-
tion, the taskwas not set up to distinguish be-
tween the effects of primacy and recency.

With the individual memory span groups,
randomness of choice seemed to be operating.
This was particularly true for the low mem-
ory span groups. This randomness may have
been the result of subjects' poor retention a-
bility and, possibly, low intelligence. If these
groups' problems were just an inability to re-
tain the stimuli, a tendency to make random
selections would be expected, for it would not
be unreasonable to expect responses to be
made for reasons other than cue positions or
stimulus letter cues. The Friedman Analysis
of Variance of Ranks showed that for the low
boys a preference pattern could arise by
chance, while for the other boys it was 95%
likely not to arise by chance.

It was expected that a comparison could be
made of cue preferences between the duplicate-
cue response cards. This would have required
that the letters appear equally over trials by
position. Unfortunately, Marchbanks and
Levin's pentagram list was not controlled in
this way, so the comparison could not be
made. In order to see now individual letters
operate in word-recognition an experiment
could be designed controlling letter difficulty
and frequency of appearance over trials; or
the number of letters used in the total task
might be limited. Any of these designs might
be expected to show which letters contain the
most information for children. This could be
a valuable aid in the teaching of new words to
beginning readers.
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NAME:

AGE:

APPENDIX

FORM FOR RECORDING RESPONSE CHOICES

DATE:

1. 26. 51. 76. 101.

2. 27. 52. 77. 102.

3. 28. 53. 78. 103.

4. 29. 54. 79. 104.

5. 30. 55. 80. 105.

6. 31. 56. 81. 106.

7. 32. 57. 82. 107.

8. 33. 58. 83. 1.08.

9. 34. 59. 84. 109.

10. 35. 60. 85. 110.

11. 36. 61. 86. 11.1.ill

12. 37. 62. 87. 112.

13. 38. 63. 88. 113.

14. 39. 64. 89. 114.

15. 40. 65. 90. 115.

16. 41. 66. 91. 116.

17. 42. 67. 92. 117.

18. 43. 68. 93. 118.

19. 14. 69. 94. 119.

20. 45. 70. 95. 120.

21. 46. 71. 95. 121.

22. 47. 72. 96. 122.

23. 48. 73. 97. 123.

24. 49. 74. 98. 124.

25. 50. 75. 99. 125.
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